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DESCRIPTION 

RESIN COMPOSITION FOR A FOAMED PRODUCT AND USE THEREOF 

FIELD OF THE INVENTION 

The present invention relates to a composition for a 
foamed product and use thereof, and more particularly, to a 
composition capable of providing a foamed product (non- 
crosslinked or crosslinked foamed product) having low 
specific gravity and low compression set (CS) , excelling in 
the tensile strength properties and the tear strength 
properties, as well as in impact resilience, and exhibiting 
a less decrease in elastic modulus at high temperatures, and 
a foamed product therefrom. 

BACKGROUND OF THE INVENTION 

Techniques using crosslinked foamed products to obtain 
resins having low specific gravity, that is, light weight, 
high flexibility and high mechanical strength, are broadly 
applied to interior and exterior materials for construction, 
automotive parts such as interior materials or door glass 
run channels, packaging materials, daily necessities, and 
the like. Such techniques are in use because mere foaming 
of a resin for weight reduction leads to a decrease in the 
mechanical strength, whereas it is possible to achieve 
weight reduction by foaming while inhibiting lowering of the 
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mechanical strength, by bonding molecular chains of the 
resin through a crosslinking reaction. 

Furthermore, the crosslinked foamed products of resins 
are also used for footwears or footwear parts, such as soles 
5 (mainly, midsoles) of sports shoes or the like- The reason 
is that a material which is lightweight and has a mechanical 
strength and impact resilience high enough to inhibit 
deformation caused by long-term use and to withstand severe 
use conditions is desired. 

10 Conventionally, it is widely known to use crosslinked 

foamed products of ethylene/vinyl acetate copolymers for 
shoe soles. However, the crosslinked foamed products that 
are molded from an ethylene/vinyl acetate copolymer 
composition, have high specific gravity and high compression 

15 set, and therefore, when used for shoe soles for example, a 
problem arises that the soles are heavy and are compressed 
upon long-term use, so that mechanical strength such as 
impact resilience is lost. 

National Publication of International Patent No. 

20 501447/1997 and Japanese Patent Laid-Open Publication No. 

206406/1999 describe a crosslinked foamed product employing 

an ethylene/a-olef in copolymer, and a crosslinked foamed 
product employing a mixture of an ethylene/vinyl acetate 

copolymer and an ethylene/a-olef in copolymer, respectively. 
2 5 These inventions show some improvements in terms of low 

specific gravity and low compression set, but they still do 
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not offer satisfactory performance* 

Further, Japanese Patent Laid-Open Publication No. 
344924/2000 filed by the present inventors describes a 
foamed product (non-crosslinked or crosslinked foamed 
5 product) having an Asker C hardness in the range of 20 to 80, 
which has low specific gravity and low compression set (CS) , 
and excels in tensile strength and tear strength properties 
as well as in impact resilience. However, when the foamed 
product is used at high temperatures, a problem arises that 

10 the hardness decreases so much that the touch is altered. 

Meanwhile, WO 95/33006 and Japanese Patent Laid-Open 
Publication No. 231817/1996 disclose resin compositions 
containing an ethylene/a-olef in copolymer and a styrene 
block copolymer, but these publications have no description 

15 on an ethylene/polar monomer copolymer or crosslinked foamed 
product . 

Furthermore, WO 02/14423 discloses a crosslinked foamed 
product obtained from a thermoplastic elastomer containing 

an ethylene/a-olef in copolymer and a styrene block 
20 copolymer, but the invention results only in a foamed 

product with low expansion rate and high specific gravity. 
Also, there is no description on ethylene/polar monomer 
copolymer . 

The present inventors have extensive studied in order 
25 to suppress the above-described decrease in hardness at high 
temperatures, and found that a foamed product having a less 
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decrease in hardness at high temperatures by employing a 
resin composition containing an ethylene/a-olef in copolymer 
(Al) and a styrene block copolymer (B) , or a resin 

composition containing an ethylene/a-olef in copolymer (Al) , 
5 a styrene block copolymer (B) and an ethylene/polar monomer 
copolymer (A2) , thus accomplishing the present invention, 

DISCLOSURE OF THE INVENTION 

It is an object of the present invention to provide a 
10 composition which can provide a foamed product (non- 
crosslinked or crosslinked foamed product) having low 
specific gravity and low compression set (CS) , excelling in 
the tensile strength properties and the tear strength 
properties, as well as in impact resilience, and exhibiting 
15 a less decrease in hardness at high temperatures; a foamed 
product therefrom; and a laminate using the foamed product. 

The resin composition for a foamed product according to 
the invention is characterized as follows, 

(1) It contains 5 to 95 parts by weight of an 

20 " ethylene/a-olef in copolymer (Al), 5 to 95 parts by weight 

of a styrene block copolymer (B) , and based on 100 parts by 
weight of the total of components (Al) and (B) , 0 to 1900 
parts by weight of an ethylene/polar monomer copolymer (A2); 

(2) It contains 5 to 95 parts by weight of an 

25 ethylene/a-olef in copolymer (Al) , 5 to 95 parts by weight 

of a styrene block copolymer (B) , and based on 100 parts by 
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weight of the total of components (Al) and (B) , 0 to 1900 
parts by weight of an ethylene/polar monomer copolymer (A2) , 
and a blowing agent (C) ; 

(3) The ethylene/a-olef in copolymer (Al) has the 
5 following properties: 

the ethylene/a-olef in copolymer comprises ethylene and 
an a-olefin having 3 to 20 carbon atoms; the density (AS TM 
D1505, 23°C) of the copolymer is in the range of 0.857 to 
0.910 g/cm 3 ; the melt flow rate (MFR 2 ) at 190°C under a load 
10 of 2.16 kg (AS TM D1238, load 2.16 kg, 190°C) is in the range 
of 0.1 to 40 g/10 min; and the index of molecular weight 
distribution, Mw/Mn, as measured by GPC is in the range of 
1.5 to 3.0; 

(4) The ethylene/a-olef in copolymer (Al) has the 
15 following properties: 

(i) the ratio of the melt flow rate (MFRio) at 190°C 
under a load of 10 kg to the melt flow rate (MFR 2 ) at 190°C 
under a load of 2.16 kg, MFRio/ MFR 2 , satisfies the following 
formula : 

2 0 MFRio/ MFR 2 > 6.0 

Mw/Mn + 5.0 < MFRio/MFR 2 , 

(ii) the intensity ratio of Tap to Taa (Tap/Taa) in the 
13 C-NMR spectrum is 0.5 or less, 

(ii) the B value determined from the 13 C-NMR spectrum 
25 and the following General Formula (1) is 0.9 to 1.5: 
B value = [POE] / (2 • [PE] [PO] ) (1) 
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wherein [PE] is the molar fraction of a structural unit 
derived from ethylene in the copolymer, [PO] is the molar 
fraction of a structural unit derived from a-olefin in the 
copolymer, and [POE] i s the number ratio of ethylene • a- 
5 olefin chains to all dyad chains in the copolymer; 

(5) The ethylene/a-olef in copolymer (Al) is an 
ethylene/ 1 -but ene copolymer; 

(6) The styrene block copolymer (B) is a 
styrene/butadiene/styrene block copolymer, a 

10 styrene/isoprene/styrene block copolymer, or a hydrogenated 
polymer thereof; or 

(7) The blowing agent (C) is selected from an organic 
thermally decomposable blowing agent, an inorganic thermally 
decomposable blowing agent, an organic physical blowing 

15 agent and an- inorganic physical blowing agent • 

The (crosslinked) foamed product according to the 
invention is: 

(8) A foamed product obtained by thermal treatment of 
the resin composition according to any one of (1) to (7) 

20 above; 

(9) A foamed product obtained by secondary compression 
of the foamed product according to (7) above; or 

(10) A foamed product comprising 5 to 95 parts by 

weight of an ethylene/a-olef in copolymer (Al), 5 to 95 
25 parts by weight of a styrene block copolymer (B) , and based 
on 100 parts by weight of the total of components (Al) and 
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(B) , 0 to 1900 parts by weight of an ethylene/polar monomer 
copolymer (A2) , and having a gel content of 7 0% or more and 
a specific gravity of 0.6 g/cm 3 or less. 

(11) A laminate having a layer comprising the foamed 
5 product according to (7) to (10) above and a layer 

comprising at least one material selected from the group 
consisting of polyolefins, polyurethanes, rubber, leather 
and artificial leather. 

(12) A footwear comprising the foamed product according 
10 to (7) to (10) above, or the laminate according to (11) 

above . 

(13) A footwear part comprising the foamed product 
according to (7) to (10) above, or the laminate according to 
(11) above; or 

15 (14) The footwear part according to (13), which is a 

midsole, an innersole or a sole. 

PREFERRED EMBODIMENTS OF THE INVENTION 

Hereinafter, the resin composition for a foamed product 
20 and use thereof according to the present invention will be 
described in detail. 

The resin composition for a foamed product, preferably 
the resin composition for crosslinked foamed product, 

according to the invention comprises a specific ethylene/a- 
25 olefin copolymer (Al) and a specific styrene block copolymer 
(B) . Preferably, the resin composition comprises a specific 
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ethylene/a-olef in copolymer (Al), a specific styrene block 
copolymer (B) and a specific ethylene/polar monomer 
copolymer (A2) , and if necessary, further contains a blowing 
agent (C) , an organic peroxide (D) and a crosslinking 
5 assistant (E) . In particular, it is generally preferable 
for the resin composition to contain a specific ethylene/a- 
olefin copolymer (Al), a specific styrene block copolymer 
(B) , a specific ethylene/polar monomer copolymer (A2) and a 
blowing agent (C) as the essential components. 

10 The foamed product according to the invention is 

obtained by foaming or crosslink foaming the composition, 
but crosslinked foamed product is preferably used. The mode 
of this crosslinking method may be thermal crosslinking or 
ionizing radiation crosslinking. In the case of thermal 

15 crosslinking, it is necessary to add an organic peroxide (D) 
and a crosslinking assistant (E) to the composition. In the 
case of ionizing radiation crosslinking, a crosslinking 
assistant (E) may be optionally added. 

Ethylene/oc-olef in copolymer (Al) 

20 The ethylene/a-olef in copolymer (Al ) used in the 

invention is an amorphous or low-crystalline, random or 
block copolymer comprising ethylene and an a-olefin having 
3 to 20 carbon atoms. It is preferably a flexible 

ethylene/a-olef in copolymer having a density (ASTM D1505) 
25 of not less than 0.857 g/cm 3 and not more than 0.910 g/cm 3 , 
preferably 0.860 to 0.905, and a melt flow rate (MFR: ASTM 
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D1238, 190°C, load 2.16 kg) of 0.1 to 40 g/10 min, 
preferably 0.5 to 20 g/10 min. 

The a-olefin copolymerized with ethylene is an a-olefin 
having 3 to 20 carbon atoms, and specific examples thereof 
5 include propylene, 1-butene, 1-pentene, 1-hexene, 1-heptene, 
1-octene, 1-nonene, 1-decene, 1-undecene, 1-dodecene, 1- 
hexadecene, 1-octadecene, 1-nonadecene, 1-eicosene, 4- 

methyl-l-pentene and the like. Among these, a-olefins 

having 3 to 10 carbon atoms are preferable, and particularly, 
10 propylene, 1-butene, 1-hexene and 1-octene are preferred. 

These a-olefins are used individually or in combination of 

two or more kinds. 

The ethylene/a-olef in copolymer (Al) preferably 

contains 75 to 95 mol% of a unit derived from ethylene and 5 
15 to 25 mol% of a unit derived from an a-olefin having 3 to 

20 carbon atoms. Here, the total amount of ethylene and the 

a-olefin is 100 mol%. 

The ethylene/a-olef in copolymer (Al) may contain, in 

addition to these units, units derived from other 
20 polymerizable monomers within the scope not impairing the 

object of the invention. 

Specific examples of the ethylene/a-olef in copolymer 

(Al) include an ethylene/propylene copolymer, an ethylene/1- 

butene copolymer, an ethylene/propylene/l-butene copolymer, 
25 an ethylene/propylene/ethylidene norbornene copolymer, an 

ethylene/l-hexene copolymer, an ethylene/ 1-octene copolymer, 
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and the like. Among these, an ethylene/propylene copolymer, 
an ethylene/l-butene copolymer, an ethylene/l-hexene 
copolymer, an ethylene/l-octene copolymer and the like are 
preferably used, and an ethylene/l-butene copolymer is 
5 particularly preferably used. These copolymers may be 
random or block copolymers, but random copolymers are 
particularly preferred. 

The ethylene/a-olef in copolymer (Al) has a degree of 
crystallinity measured by X-ray dif f ractometry, of usually 
10 40% or less, and preferably 10 to 30% or less. 

The ethylene/a-olef in copolymer (Al) preferably has a 
molecular weight distribution (Mw/Mn) determined by gel 
permeation chromatography (GPC) , in the range of 1.5 to 3.0, 
and preferably in the range of 1.7 to 2.5. When an 

15 ethylene/a-olef in copolymer (Al) having a molecular weight 
distribution (Mw/Mn) within the above-described range is 
used, a composition which can produce a foamed product 
excelling in compression set and moldability is obtained. 

The ethylene/a-olef in copolymer (Al) as described above 
20 usually exhibits the properties of an elastomer. 

With respect to the ethylene/a-olef in copolymer (Al), 
the ratio (MFR 10 / MFR 2 ) of the melt flow rate (MFR 10 ) 
measured at 190°C under a load of 10 kg to the melt flow 
rate (MFR 2 ) measured under a load of 2.16 kg according to 
25 ASTM D1238 satisfies the relationship of the following 
formula : 
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MFR 10 /MFR 2 > 6.0, and 
preferably 

7 < MFRio/MFR 2 < 15, 
and the molecular weight distribution (Mw/Mn) and the ratio 
5 of melt flow rates satisfy the relationship of the following 
formula : 

Mw/Mn + 5.0 < MFRio/MFR 2 , 
then a composition which can produce a foamed product (non- 
crosslinked foamed product or crosslinked foamed product) 
10 having high expansion rate, i.e., low specific gravity and 
high elasticity, and excelling in compression set and 
moldability, can be obtained. 

The ethylene/a-olef in copolymer (Al) of the invention 
preferably has an intensity ratio of Tap to Taa (Tap/Taa) 
15 in the 13 C-NMR spectrum, of 0.5 or less, and more preferably 
0.4 or less. 

Here, Taa and TaP in the 13 C-NMR spectrum are peak 
intensities for CH 2 in the structural unit derived from the 
a-olefin having 3 or more carbon atoms, and as shown below, 
20 they indicate two different types of CH 2 having different 

positions to the tertiary carbon. . 

R R R R 

11 11 

-C -CH 9-CH o-C- -CH9-C-CH9-C- 

11 11 

H h H H 

Tap Taa 

Such intensity ratio Tap/Taa can be determined as 
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follows. The 13 C-NMR spectrum of the ethylene/a-olef in 
copolymer [B] is measured, for example, using a JEOL-GX270 
NMR apparatus manufactured by JEOL, Ltd. The measurement is 
carried out using a mixed solution of the sample in 
5 hexachlorobutadiene/d 6 -benzene = 2/1 (volume ratio) at a 

concentration of 5% by weight, at 67.8 MHz and 25°C with de- 
benzene (128 ppm) as the standard. The measured 13 C-NMR 
spectrum is analyzed according to the proposals of 
Lindemann-Adams (Analysis Chemistry, 43, pl245 (1971)) and 

10 J.C. Randall (Review Macromolecular Chemistry Physics, C29, 
201 (1989)), to determine the intensity ratio Tocp/Tota. 

For the ethylene/a-olef in copolymer (Al) of the 
invention, the B value determined by the 13 C-NMR spectrum 
and the following General Formula (1) is preferably 0.9 to. 

15 1.5, and more preferably 0.95 to 1.2. 

B value = [POE] / (2 • [PE] [PO] ) (1) 
wherein [PE] is the molar fraction of a structural unit 
derived from ethylene in the copolymer, [PO] is the molar 
fraction of a structural unit derived from a-olefin in the 

20 copolymer, and [POE] is the number ratio of ethylene • a- 

olefin chains to all dyad chains in the copolymer. This B 
value is an index indicating the distribution status of 
ethylene and the a-olefin having 3 to 20 carbon atoms in 
the ethylene/a-olef in copolymer and can be determined based 

25 on the reports of J.C. Randall (Macromolecules, 15, 353 
(1982)), J. Ray (Macromolecules, 10, 773 (1977)), or the 
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like. 

The B value of the ethylene/a-olef in copolymer (Al) is 
usually determined by measuring the 13 C-NMR spectrum of a 
sample prepared by uniformly dissolving about 200 mg of the 
5 ethylene/a-olef in copolymer in 1 ml of hexachlorobutadiene 
in a 10 mm<t> sample tube, at a temperature of 120°C, a 
frequency of 25.05 MHz, a spectral range of 1500 Hz, a pulse 

repetition time of 4.2 sec, and a pulse interval of 6 (isec. 
As the B value is larger, the block-like chains of the 
10 ethylene or a-olefin copolymer become shorter, thus having 
a uniform distribution of ethylene and a-olefin, and a 
narrow composition distribution of the copolymer rubber is 
observed. In addition, when the B value is less than 1.0, 
the composition distribution of the ethylene/a-olef in 
15 copolymer becomes broader, and thus leading disadvantages 
such as deteriorated handling properties of the copolymer. 

The ethylene/a-olef in copolymer (Al) as described above 
can be prepared by a conventionally known method of using a 
vanadium catalyst, a titanium catalyst, a metallocene 
20 catalyst or the like. In particular, the solution 

polymerization method described in Japanese Patent Laid-Open 
Publication No. 121709/1987 or the like is preferred. 

Ethylene/Polar Monomer Copolymer (A2) 
The polar monomer of the ethylene/polar monomer 
25 copolymer (A2) used in the invention may be exemplified by 
unsaturated carboxylic acid, salts thereof, esters thereof, 
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amides thereof, vinyl esters, carbon monoxide or the like. 
More specifically, mention may be made of one or two or more 
compounds selected from unsaturated carboxylic acids such as 
acrylic acid, methacrylic acid, fumaric acid, itaconic acid, 
5 monomethyl maleate, monoethyl maleate, maleic anhydride and 
itaconic anhydride; monovalent metal salts of these 
unsaturated carboxylic acids such as lithium, sodium and 
potassium salts, or polyvalent metal salts of these 
unsaturated carboxylic acids such as magnesium, calcium and 

10 zinc salts; unsaturated carboxylic acid esters such as 
methyl acrylate, ethyl acrylate, isopropyl acrylate, 
isobutyl acrylate, n-butyl acrylate, isooctyl acrylate, 
methyl methacrylate, ethyl methacrylate, isobutyl 
methacrylate and dimethyl maleate; vinyl esters such as 

15 vinyl acetate and vinyl propionate; carbon monoxide, sulfur 
dioxide, and the like. 

More specifically, representative examples of the 
ethylene/polar monomer copolymer (A2) include 
ethylene/unsaturated carboxylic acid copolymers such as an 

20 ethylene/acrylic acid copolymer and an ethylene/methacrylic 
acid copolymer, and ionomers in which part or all of the 
carboxyl groups of the above-described ethylene/unsaturated 
carboxylic acid copolymer are neutralized with the above- 
described metals; ethylene/unsaturated carboxylic acid ester 

25 copolymers such as an ethylene/methyl acrylate copolymer, an 
ethylene/ethyl acrylate copolymer, an ethylene/methyl 
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methacrylate copolymer, an ethylene/isobutyl acrylate 
copolymer and ethylene/n-butyl acrylate; 
ethylene/unsaturated carboxylic acid ester/unsaturated 
carboxylic acid copolymers such as an ethylene/isobutyl 
5 acrylate/methacrylic acid copolymer and an ethylene/n-butyl 
acrylate/methacrylic acid copolymer, and ionomers in which 
part or all of the carboxyl groups of the above-described 
copolymers are neutralized with the above-described metals; 
ethylene/vinyl ester copolymers such as an ethylene/vinyl 

10 acetate copolymer; and the like. 

Among these, a copolymer of ethylene with a polar 
monomer selected from unsaturated carboxylic acids, salts 
thereof, esters thereof and vinyl acetate is particularly 
preferred, and especially, an ethylene/ (meth) acrylic acid 

15 copolymer or ionomers thereof, or an ethylene/ (meth) acrylic 
acid/ (meth) acrylic acid ester copolymer or ionomers thereof, 
and an ethylene/vinyl acetate copolymer are preferred, with 
the ethylene/vinyl acetate copolymer being most preferred. 
The ethylene/polar monomer copolymer (A2) may vary 

20 depending, on the kind of the polar monomer, and the content 
of the polar monomer is preferably 1 to 50% by weight, and 
particularly preferably 5 to 45% by weight. From the 
viewpoint of mold processability, mechanical strength and 
the like, it is preferable to use an ethylene/polar monomer 

25 copolymer whose melt flow rate as measured at 190°C and 
under a load of 2160 g is 0.05 to 500 g/10 min, in 
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particular 0.1 to 100 g/10 min. The copolymers of ethylene 
with unsaturated carboxylic acids, unsaturated carboxylic 
acid esters, vinyl esters or the like can be prepared by 
radical copolymerization under high temperature and high 
5 pressure conditions. The copolymers (ionomers) of ethylene 
with metal salts of unsaturated carboxylic acids can be 
prepared by reacting ethylene/unsaturated carboxylic acid 
copolymers with corresponding metal compounds. 

When the ethylene/polar monomer copolymer (A2) used in 

10 the invention is an ethylene/vinyl acetate copolymer, the 
content of vinyl acetate in the ethylene/vinyl acetate 
copolymer is 10 to 30% by weight, preferably 15 to 30% by 
weight, and more preferably 15 to 25% by weight. 

Further, this ethylene/vinyl acetate copolymer has a 

15 melt flow rate (MFR; AS TM D1238, 190°C, load 2.16 kg) of 0.1 
to 50 g/10 min, preferably 0.5 to 20 g/10 min, and more 
preferably 0.5 to 5 g/10 min. 

The ethylene/polar monomer copolymer (A2) is used in a 
proportion of 0 to 1900 parts by weight, preferably 5 to 

20 1900 parts by weight, and more preferably 5 to 100 parts by 
weight, based on 100. parts by weight of the total of 
ethylene/a-olef in copolymer (Al) and styrene block 
copolymer (B) . When the ethylene/polar monomer copolymer 
(A2) is a copolymer of ethylene with an unsaturated 

25 carboxylic acid, use of the copolymer in the above-described 
proportion may lead to an elastomer composition which can 
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provide a crosslinked foamed product excelling in the tear 
strength properties and in adhesive properties to other 
layers made of polyurethane, rubber, leather or the like. 
Furthermore, when the ethylene/polar monomer copolymer (A2) 
5 is used in the above-described proportion, the resulting 
layer of the foamed product has excellent adhesive 
properties to other layers made of polyurethane, rubber, 
leather or the like, and it is preferable to use the layer 
of the foamed product as a laminate. 

10 Styrene Block Copolymer (B) 

The styrene block copolymer of the invention consists 
of at least two polymer blocks comprising a vinyl aromatic 
compound as the main component (a) and at least one polymer 
block comprising a conjugated diene compound as the main 

15 component (b) . Examples of the vinyl aromatic compound 
constituting the polymer block (a) include styrene, ct- 
methyl styrene, 1-vinylnaphthalene, 3 -methyls tyrene, 4- 
propylstyrene, 4 -cyclohexyls tyrene, 4 -dodecyl styrene, 2- 
ethyl-4-benzylstyrene, 4- (phenylbutyl ) styrene and the like. 

20 The polymer block (a) may consist of only one of the above- 
described vinyl aromatic compounds, or of two or more kinds 
of the compounds. According to the invention, styrene 
and/or a-methylstyrene among them are preferably used. 

Examples of the conjugated diene compound constituting 

25 the polymer block (b) include 1 , 3-butadiene, isoprene, 1,3- 
pentadiene, 2, 3-dimethyl-l , 3-butadiene, 2-methyl-l, 3- 
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pentadiene, 1, 3-hexadiene, phenylbutadiene, 4, 5-diethyl-l, 3- 
octadiene, 3-butyl-l , 3-octadiene and the like. The polymer 
block B may consist of only one of the conjugated diene 
compounds, or of two or more kinds of the compounds. 
5 According to the invention, 1 , 3-butadiene and/or isoprene 
are preferably used from the viewpoint of improvements in 
the rubber properties. 

The proportion of the polymer block (a) comprising a 
vinyl aromatic compound in the styrene block copolymer (B) 

10 is in the range of 5 to 75% by mass, more preferably 10 to 
65% by mass, and particularly preferably 10 to 40% by mass. 
When the proportion exceeds 75% by mass, flexibility of the 
copolymer is impaired, and thus the copolymer becomes 
brittle. On the other hand, when the proportion is less 

15 than 5% by mass, mechanical strength of the thermoplastic 
elastomer composition is lowered, and thus it is not 
practical . 

The microstructure of the conjugated diene unit in the 
polymer block (b) of the styrene block copolymer (B) is not 

20 particularly limited. When butadiene is used alone as the 

conjugated diene compound constituting the polymer block (b) , 
the content of the 1,2-bond is preferably 20 to 50 mol%, and 
more preferably 35 to 45 mol%, because within this range, 
the elastomeric properties can be sufficiently maintained 

25 even after the double bonds are saturated due to 

hydrogenation of the copolymer. Moreover, when isoprene is 
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used alone as the conjugated diene compound constituting the 
polymer block B, or when isoprene and butadiene are used in 
mixture, the total content of the 1,2-bond and 3,4-bond is 
preferably 0 to 80 mol%, and particularly preferably 5 to 70 
5 mol%. The copolymer before hydrogenation may be linear, 
branched or star-shaped. Also, the configuration of the 
copolymer may be one of the above-described shapes or a 
mixture of one or more shapes. 

Preferred bonding mode of the polymer block (a) of 

10 vinyl aromatic compound and the polymer block (b) of 

conjugated diene compound is a triblock copolymer of a-b-a 
type, etc., and a multiblock copolymer represented by (a-b) n / 
(a-b) n -a or (a-b) n X (wherein n is an integer of 2 or greater, 
and X is a coupling residue) . 

15 The number average molecular weight of the styrene 

block copolymer (B) of the invention is not particularly 
limited, but it is in the range of 40,000 to 500,000, more 
preferably 40,000 to 400,000, and particularly preferably 
40,000 to 200,000. Moreover, the number average molecular 

20 weight as used in the present specif ication . is the molecular 
weight determined by gel permeation chromatography (GPC) in 
terms of polystyrene. The number average molecular weight 
of the styrene block copolymer (B) of the invention can be 
appropriately selected in accordance with the desired 

25 applications of the invention. 

The process for producing the styrene block copolymer 
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(B) used in the invention is not particularly limited, and 
for example, the copolymer can be produced by a conventional 
anionic polymerization method as follows. That is, a block 
copolymer is formed by sequentially polymerizing or coupling 
5 a vinyl aromatic compound and a conjugated diene compound 
using an alkyllithium compound as an initiator, in an 
organic solvent that is inert to the polymerization 
reactions such as n-hexane or cyclohexane. Subsequently, 
the resulting block copolymer is hydrogenated by a known 
10 method in an inert organic solvent, in the presence of a 

hydrogenation catalyst, and thus a preferred styrene block 
copolymer (B) of the invention in which double bonds of the 
polymer main chain are hydrogenated and saturated can be 
produced. 

15 The styrene block copolymer (B) that can be used in the 

invention may be commercially available, and examples of the 
block copolymer of a vinyl aromatic compound and a 
conjugated diene compound include "Kraton" (tradename) of 
Kraton Polymers Research B.V., "Tuftec" and "Tufprene" 

20 (tradenames) of Asahi Kasei Corp., and "Septon" and "Hybrar" 
series (tradenames ) of Kuraray Co., Ltd. 

Blowing Agent (C) 
The blowing agent (C) used in the invention as needed 
may be a chemical blowing agent, and specific examples 

25 include organic thermally decomposable blowing agents 

including azo compounds such as azodicarbonamide (ADCA) , 
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I, 1 1 -azobis (1-acetoxy-l-phenylethane) , dimethyl-2 , 2 1 - 
azobisbutyrate, dimethyl-2 , 2 1 -azobisisobutyrate, 2 , 2 1 - 
azobis (2,4, 4-trimethylpentane) , 1,1' -azobis (cyclohexane-1- 
carbonitrile) and 2, 2 f -azobis [N- (2-carboxyethyl ) -2-methyl- 
5 propionamidine] ; nitroso compounds such as N,N f - 
dinitrosopentamethylenetetramine (DPT) ; hydrazine 
derivatives such as 4 , 4 ? -oxybis (benzenesulf onyl hydrazide) 
and diphenylsulfone-3, 3 1 -disulf onyl hydrazide; and 
semicarbazide compounds such as p-toluenesulf onyl 

10 semicarbazide; and trihydrazinotriazine; and also inorganic 
thermally decomposable blowing agents including bicarbonates 
such as sodium hydrogen carbonate and ammonium hydrogen 
carbonate; carbonates such as sodium carbonate and ammonium 
carbonate; nitrites such as ammonium nitrite; and hydrides. 

15 Among these, azodicarbonamide (ADCA) and sodium hydrogen 
carbonate are particularly preferred. 

According to the invention, a physical blowing agent (a 
blowing agent that is not necessarily accompanied by a 
chemical reaction upon foaming) also can be used as the 

20 blowing agent (C) , and examples thereof include organic 
physical blowing agents including various aliphatic 
hydrocarbons such as methanol, ethanol, propane, butane, 
pentane and hexane; various chlorinated hydrocarbons such as 
dichloroethane, dichloromethane and carbon • tetrachloride; 

25 and various f luorochlorohydrocarbons such as flon; and also, 
inorganic physical blowing agents such as air, carbon 
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dioxide, nitrogen, argon and water. Among these, carbon 
dioxide, nitrogen and argon are the most preferable because 
they do not need to be vaporized, are inexpensive and hardly 
cause environmental pollution and ignition. 
5 The physical blowing agents that are used as the 

blowing agent (C) of the invention do not leave any 
decomposition residues of the blowing agent and thus can 
prevent mold contamination during the crosslinking foaming 
process of the composition. Moreover, since the physical 

10 blowing agents are not powdery, they have good kneadability . 
When such physical blowing agents are used, bad odors of the 
resulting crosslinked foamed product (for example, ammonia 
odor generated upon decomposition of ADC A) can be prevented. 
According to the invention, the above-described 

15 chemical blowing agents can be used in combination, to an 
extent that the blowing agents do not have adverse effects 
such as bad odor and mold contamination. 

For the storing method of the physical blowing agent, 
in small scale production, carbon dioxide, nitrogen or the 

20 like may be used as being contained in a bomb and supplied 
to an injection molding machine or an extrusion molding 
machine through pressure reducing valves, or may be 
pressurized by a pump and supplied to an injection molding 
machine or an extrusion molding machine. 

25 For a facility producing foamed products in large 

scales, liquid carbon dioxide, liquid nitrogen or the like 
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may be stored in a storage tank, vaporized as passing 
through a heat exchanger and supplied to an injection 
molding machine or an extrusion molding machine through 
piping and pressure reducing valves. 

In the case of a liquid physical blowing agent, the 
storage pressure is preferably in the range of 0.13 to 100 
MPa. When the pressure is too low, the blowing agent cannot 
be supplied to an injection molding machine or an extrusion 
molding machine by reducing the pressure. When the pressure 
is too high, it is necessary to increase the pressure 
resistance of the storage facility, and thus the facility 
needs to be large and complicated, which is not desirable. 
The storage pressure as defined herein means the pressure 
supplied to a pressure reducing valve after vaporization. 

When a chemical blowing agent is used as the blowing 
agent (C) , the chemical blowing agent is usually used in a 
proportion of 3 to 20 parts by weight, preferably 
5 to 15 parts by weight, based on 100 parts by weight of the 
total amount of the ethylene/a-olef in copolymer (Al) and 
the styrene block copolymer (B) . However, since the amount 
of gas generated may differ depending on the kind and grade 
of the blowing agent used, the amount of the chemical 
blowing agent may be appropriately increased or decreased in 
accordance with the desired foaming ratio. 

When a physical blowing agent is used as the blowing 
agent (C) , the amount of the physical blowing agent added is 
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appropriately determined in accordance with the desired 
foaming ratio. 

According to the invention, a blowing assistant may be 
used, if necessary, together with the blowing agent (C) . 
5 The blowing assistant has functions of lowering the 
decomposition temperature of the blowing agent (C) , 
accelerating the decomposition, making air bubbles uniform, 
and the like. Examples of such blowing assistant include 
zinc oxide (ZnO) , zinc stearate, organic acids such as 
10 salicylic acid, phthalic acid, stearic acid and oxalic acid, 
urea or derivatives thereof, and the like. 

Organic peroxide (D) 
The organic peroxide (D) that is used, if necessary, as 
a crosslinking agent in the invention may be specifically 
15 exemplified by dicumyl peroxide, di-t-butyl peroxide, 2,5- 
dimethyl-2, 5-di- ( t-butylperoxy) hexane, 2, 5-dimethyl-2 , 5-di- 
(t-butylperoxy) hexyne-3, 1, 3-bis (t- 

butylperoxyisopropyl) benzene, 1, 1-bis (t-butylperoxy) -3, 3, 5- 
trimethylcyclohexane, n-butyl-4, 4-bis ( t-butylperoxy ) valerate, 
20 benzoyl peroxide, p-chlorobenzoyl peroxide, 2,4- 

dichlorobenzoyl peroxide, t-butyl peroxybenzoate, t-butyl 
perbenzoate, t-butylperoxyisopropyl carbonate, di acetyl 
peroxide, lauroyl peroxide, t-butylcumyl peroxide and the 
like . 

25 According to the invention, an organic peroxide (D) is 

usually used in a proportion of 0.1 to 1.5 parts by weight, 
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preferably 0.2 to 1.0 part by weight, based on 100 parts by 

weight of the total amount of the ethylene/ct-olef in 
copolymer (Al) and styrene block copolymer (B) . When the 
organic peroxide (D) is used in the above-described 
5 proportion, a crosslinked foamed product having an 

appropriate crosslinked structure can be obtained. Further, 
when the organic peroxide (D) is used together with a 
crosslinking assistant (E) in the above-described proportion, 
a crosslinked foamed product having a more suitable 

10 crosslinked structure can be obtained. 

Crosslinking assistant (E) 
The crosslinking assistant (E) that is used preferably, 
if necessary, in the invention may be specifically 
exemplified by a peroxy crosslinking assistant such as 

15 sulfur, p-quinonedioxime, p, p ' -dibenzoylquinonedioxime, N- 
methyl-N-4-dinitrosoaniline, nitrosobenzene, 
diphenylguanidine or trimethylolpropane-N, N 1 -m- 
phenylenedimaleimide; divinylbenzene, trial lyl cyanurate 
(TAC) or triallyl isocyanurate (TAIC) . Mention may also be 

20 made of polyf unctional methacrylate monomers such as 
ethylene glycol dimethacrylate, diethylene glycol 
dimethacrylate, polyethylene glycol dimethacrylate, 
trimethylolpropane trimethacrylate and allyl methacrylate; 
and polyf unctional vinyl monomers such as vinyl butyrate and 

25 vinyl stearate. Among these, triallyl cyanurate (TAC) and 
triallyl isocyanurate (TAIC) are preferred. 
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According to the invention, the crosslinking assistant 
(E) is preferably used in an amount such that the weight 
ratio of the crosslinking assistant (E) to the organic 
peroxide (D) , [(E) /(D)], is 1/30 to 5/1, preferably 1/20 to 
5 3/1, and more preferably 1/15 to 2/1. 

Resin composition 
The resin composition according to the invention 

contains 5 to 95 parts by weight of an ethylene/a-olef in 
copolymer (Al), 5 to 95 parts by weight of a styrene block 
10 copolymer (B) , and based on 100 parts by weight of the total 
of components (Al) and (B) , 0 to 1900 parts by weight of an 
ethylene/polar monomer copolymer (A2); preferably, 40 to 95 

parts by weight of the ethylene/a-olef in copolymer (Al ) , 5 
to 60 parts by weight of the styrene block copolymer (B) , 
15 and based on 100 parts by weight of the total of components 
(Al) and (B) , 5 to 1900 parts by weight of the 
ethylene/polar monomer copolymer (A2 ) ; and more preferably, 

70 to 95 parts by weight of the ethylene/a-olef in copolymer 
(Al), 5 to 30 parts by weight of the styrene block copolymer 
20 (B) , and based on 100 parts by weight of the total of 

components (Al) and (B) , 5 to 100 parts by weight of the 
ethylene/polar monomer copolymer (A2) . 

Preparation of resin composition 
The resin composition according to the invention is a 
25 non-crosslinked and unfoamed composition, and may be in a 
molten state, or a pellet or sheet that has been cooled to 
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solidify. 

The pellet of the resin composition according to the 
invention can be prepared by, for example, mixing an 
ethylene/a-olef in copolymer (Al) , a styrene block copolymer 
5 (B) and a blowing agent (C) , preferably an ethylene/a- 
olef in copolymer (Al), a styrene block copolymer (B) , an 
ethylene/polar monomer copolymer (A2), a blowing agent (C) 
and if necessary, an organic peroxide (D) , a crosslinking 
assistant (E) and a blowing assistant, at the above- 
10 described proportions with a Henschel mixer or the like, 

plastifying by melting at a temperature at which the blowing 
agent (C) and/or the organic peroxide (D) is not decomposed 
by a kneading machine such as a Banbury mixer, a roll or an 
extruder, then uniformly mixing and dispersing the mixture 
15 and pelletizing. 

In addition to the above components, the composition 
can contain various additives, if necessary, such as a 
filler, a heat stabilizer, a weathering stabilizer, a flame 
retardant, a hydrochloric acid absorbent and a pigment, 
20 within the limits not impairing the object of the invention. 

The sheet of the composition according to the invention 
can be produced by, for example, subjecting the pellet of 
the composition obtained as described above to an extruder 
or a calender molding machine. Alternatively, a non- 
25 crosslinked and unfoamed, expandable sheet can be produced 
by a method of kneading all components of the composition 
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with a Brabender mixer or the like and then molding the 
kneaded product into a sheet by a calendar roll, a method of 
molding into a sheet with a press molding machine, or a 
method of kneading the composition using an extruder and 
5 then making into a sheet through a T-die or a circular die, 
or the like. 

Foamed Product 
The foamed product according to the invention can be 
obtained by foaming or crosslink foaming the resin 

10 composition of the invention as described above, under the 
conditions of usually a temperature of 130 to 200°C, a 
pressure of 30 to 300 kgf/cm 2 and a period of 10 to 90 
minutes. However, the time of ( crosslinking) foaming can be 
appropriately increased or decreased beyond the described 

15 range because the time is dependent on the thickness of the 
mold. 

The foamed product or crosslinked foamed product 
according to the invention may be a foamed product that is 
obtained by compression molding the molded product that has 

20 been foamed or crosslinked foamed under the above-described 
conditions, at 130 to 200°C and at 30 to 300 kgf/cm 2 for 5 
to 60 minutes, at a compression ratio of 1.1 to 3, 
preferably 1.3 to 2. 

Such a foamed product or crosslinked foamed product has 

25 a specific gravity (JIS K7222) of 0.6 or less, preferably 
0.03 to 0.25, and more preferably 0.05 to 0.25, and a 
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surface hardness (Asker C hardness) in the range of 20 to 80, 
preferably 30 to 65. The crosslinked foamed product 
preferably has a gel fraction of 70% or more, and usually of 
70 to 95%. 

5 The foamed product, especially the crosslinked foamed 

product, according to the invention having such properties 
exhibits low compression set, high tear strength and high 
impact resilience . 

Moreover, the gel fraction (gel content: xylene- 

10 insoluble fraction) used herein is measured as follows. 

Samples of the crosslinked foamed product were weighed 
and cut finely, and then the obtained fine pieces were 
placed together with p-xylene in a closed container. Then, 
p-xylene was refluxed at ambient pressure for 3 hours. 

15 Next, the sample was placed on a filter paper and 

subjected to absolute drying. The value obtained by 
subtracting the weight of the xylene-insoluble components 
(for example, a filler, a bulking agent, a pigment, etc.) 
other than the polymer components from the weight of the 

20 dried residue was defined as "corrected final weight (Y)". 

On the other hand, the value obtained by subtracting 
the weight of the xylene-soluble components (for example, a 
stabilizer, etc.) other than the polymer components and the 
weight of the xylene-insoluble components (for example, a 

25 filler, a bulking agent, a pigment, etc.) other than the 

polymer components from the weight of the sample was defined 
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as "corrected initial weight (X) " . 

Here, the gel content (xylene-insoluble fraction) is 
determined by the following formula: 

Gel content [wt%] = ([corrected final weight (Y) ] + 
5 [corrected initial weight (X) ] ) x 100 

Preparation of Foamed Product 
The foamed product (non-crosslinked or crosslinked 
foamed product) according to the invention can be produced 
by, for example, the following method. 
10 The sheet of the composition according to the invention 

can be obtained by, for example, subjecting the mixture as 
described in the section under the title "Preparation of 
composition" to a calender molding machine, a press molding 
machine or a T-die extruder. The sheet molding process 
15 should be necessarily carried out at a temperature below the 
decomposition temperatures of the blowing agent (C) and the 
organic peroxide (D) , and specifically, the sheet molding 
process should be necessarily carried out under the 
condition that the temperature of the composition in a 
20 molten state is set at 100 to 130°C. 

The composition formed into a sheet by the above- 
described method is cut into a volume of 1.0 to 1.2 times 
the volume of a mold, and placed in the mold maintained at 
130 to 200°C. A primary foamed product (non-crosslinked or 
25 crosslinked foamed product) is produced at a mold clamping 

pressure of 30 to 300 kgf/cm 2 for a holding time of 10 to 90 
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minutes. However, the (crosslinking) time can be 
appropriately increased or decreased beyond the described 
range because the time is dependent on the thickness of the 
mold. 

5 The mold for (crosslinked) foamed product is not 

particularly limited in shape, but usually a mold having a 
shape suitable for producing sheets is used. This mold 
should necessarily have a completely closed structure so 
that the molten resin and the gas generated during the 

10 decomposition of the blowing agent do not escape. Further, 
the mold form preferably has a taper on the inner walls in 
the viewpoint of releasability of the resin. 

The primary foamed product obtained by the above- 
described method is imparted with a predetermined shape by 

15 compression molding. The conditions for this compression 
molding are such that the mold temperature is in the range 
of 130 to 200°C, the clamping pressure is in the range of 30 
to 300 kgf/cm 2 , the compression time is in the range of 5 to 
60 minutes and the compression ratio is in the range of 1.1 

2 0 to 3.0. 

In order to obtain a crosslinked foamed product by 
means of a crosslinking method due to irradiation with 
ionizing radiation, first, an ethylene/a-olef in copolymer 
(Al), a styrene block copolymer (B) , and an organic 
25 thermally decomposable blowing agent as the blowing agent 
(C) together with other additives are melt kneaded at a 



SF-1238PCT 

- 32 - 

temperature below the decomposition temperature of the 
organic thermally decomposable blowing agent, and then the 
resulting kneaded product is molded into a sheet shape for 
example, so as to obtain an expandable sheet. 
5 Next, the resulting expandable sheet is irradiated with 

a predetermined dose of ionizing radiation to crosslink the 
ethylene/a-olef in copolymer (Al) and the styrene block 
copolymer (B) , and if necessary, the ethylene/polar monomer 
copolymer (A2) . Then, the resulting expandable crosslinked 
10 sheet is foamed by heating to a temperature over the 
decomposition temperature of the organic thermally 
decomposable blowing agent, to obtain a crosslinked foamed 
sheet . 

The ionizing radiation used may be an a-ray, 0-ray, y- 
15 ray, electron beam, neutron beam, X-ray or the like. Among 

these, the y-ray of cobalt-60 and the electron beam are 
preferably used. 

The foamed products include, for example, sheet, thick 
board, net and shaped articles. 
20 From the crosslinked foamed product obtained as above, 

a secondary crosslinked foamed product having the above- 
described properties can be prepared in the same manner ets- 
that for producing the secondary foamed product mentioned 
above . 

25 Laminate 

The laminate according to the invention is a laminate 
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having a layer comprising the foamed product (non- 
crosslinked or crosslinked foamed product) of the invention, 
and a layer comprising at least one material selected from 
the group consisting of. polyolefin, polyurethane, rubber, 
5 leather and artificial leather. 

The types of the polyolefin, polyurethane, rubber, 
leather and artificial leather are not particularly limited, 
and conventionally known polyolefins, polyurethanes , rubbers, 
leathers and artificial leathers can be used. Such laminate 
10 is particularly suitable for the applications in footwears 
and footwear parts. 

Footwear and Footwear Parts 
The footwear and footwear parts according to the 
invention comprise the foamed product (non-crosslinked or 
15 crosslinked foamed product) or a laminate according to the 

invention. Examples of the footwear part include shoe soles, 
midsoles, innersoles, soles, sandals and the like. 

EXAMPLES 

20 Hereinafter, the invention will be explained in more 

detail with. reference to Examples, but it should be 
construed that the invention is in no way limited to those 
examples . 

In addition, the density, MFR, B value, Tap intensity 
25 ratio, and molecular weight distribution (Mw/Mn) of the 
ethylene/l-butene copolymer used in the Examples and 
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Comparative Examples, and the specific gravity, compression 
set, tear strength, Asker C hardness (surface hardness) and 
impact resilience of the crosslinked foamed product obtained 
in the Examples and Comparative Examples were measured by 
5 the following methods. 

Evaluation of the properties of ethylene/l-butene 
copolymer 

(1) Density 

The density was determined at 23 °C according to ASTM 
.10 D1505. 

(2) MFR 

The MFR was determined at 190°C according to ASTM D1238. 
The measurement value obtained under a load of 2.16 kg was 
defined as MFR 2 , and the measured value obtained under a 
15 load of 10 kg was defined as MFR i0 . 

(3) B value and Tap intensity ratio 
These values were determined by 13 C-NMR. 

(4) Molecular weight distribution (Mw/Mn) 

The molecular weight distribution was determined by gel 
20 permeation chromatography at 140°C with o-dichlorobenzene as 
the solvent. 

Evaluation of the properties of crosslinked foamed product 

(1) Specific gravity 

The specific gravity was measured according to JIS 
25 K7222. 

(2) Compression set 
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The compression set (CS) was determined by carrying out 
a test for compression set according to JIS K6301 at 50°C 
for 6 hours at a compression of 50%. 

(3) Tear strength 

5 The tear strength was determined by carrying out a test 

for tear strength according to BS5131-2.6 under the 
conditions of a tensile rate of 10 mm/min. 

(4) Asker C hardness 

The Asker C hardness was determined at 23°C and 50°C 
10 according to the "Spring hardness test C test method" 
described in JIS K7312-1996 Appendix 2. 

(5) Impact resilience 

The impact resilience was measured according to JIS 
K6255. 

15 (6) Adhesive strength of laminate 

<Treatment of secondary crosslinked foamed product> 
First, the surface of a secondary crosslinked foamed 
product was washed with water containing surfactants and 
dried at room temperature for 1 hour. 
20 Then, the secondary crosslinked foamed product was 

immersed in methylcyclohexane for 3 minutes and dried in an 
oven of 60°C for 3 minutes. 

Subsequently, a UV-curable primer [GE258H1 available 
from Great Eastern Resins Co., Ltd.] was thinly coated 
25 thereon with a brush, and the coated foamed product was 
dried in an oven ^of 60°C for 3 minutes. Thereafter, the 
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coated foamed product was irradiated with UV light using an 
irradiation apparatus having three high pressure mercury 
lamps of 80 W/cm installed perpendicular to a passing 
direction [EPSH-600-3S type manufactured by Japan Storage 
5 Battery Co., Ltd., UV irradiation apparatus], at a position 
15 cm under the light source, while moving the foamed 
product at a conveyor speed of 10 m/min. 

Then, an auxiliary primer [Primer GE6001L of Great 
Eastern Resins Co., Ltd. mixed with 5% by weight of a curing 
10 agent GE366S] was thinly coated thereon with a brush and 
dried in an oven of 60°C for 3 minutes. 

Subsequently, an adhesive [Adhesive 98H of Great 
Eastern Resins Co., Ltd. mixed with 4% by weight of a curing 
agent GE348] was thinly coated thereon with a brush and 
15 dried in an oven of 60°C for 5 minutes. 

Finally, the secondary crosslinked foamed product 
coated with the above-mentioned adhesive and a polyurethane 
(PU) synthetic leather sheet made by the following processes 
were laminated and compressed at 20 kg/cm 2 for 10 seconds. 
20 <Treatment of PU synthetic leather sheet> 

The surface of the PU synthetic leather sheet was 
washed with methyl ethyl ketone and dried at room 
temperature for 1 hour. 

Then, an auxiliary primer [Primer GE6001L of Great 
25 Eastern Resins Co., Ltd. mixed with 5% by weight of a curing 
agent GE366S] was thinly coated thereon with a brush and 
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dried in an oven of 60°C for 3 minutes. 

Subsequently, an adhesive [Adhesive 98H of Great 
Eastern Resins Co., Ltd. mixed with 4% by weight of a curing 
agent GE348] was thinly coated thereon with a brush and 
5 dried in an oven of 60°C for 5 minutes. 
<Peeling test> 

The adhesive strength after 24 hours of the above- 
laminated sheet was evaluated in the following manner. 

That is, the laminated sheet was cut to a width of 1 cm, 
10 the ends of the sheet were peeled off, and then the peeling 
strength was measured by pulling the ends in the 180° 
direction at a rate of 200 mm/min. Five samples were 
subjected to the test, and the adhesive strength indicated 
in Table 2 is an average value. Furthermore, the state of 
15 the peeled samples was observed with naked eyes. 

The styrene/butadiene/styrene block copolymer used in 
Examples is as follows . 

(1) Styrene/butadiene/styrene block copolymer (B-l) 
Tufprene 125 (Asahi Kasei Corp.) 

20 Styrene content = 40% by weight 

Density (ASTM D1505, 23°C) = 0.95 g/cm 3 
Melt flow rate (MFR 2 ) (ASTM D1238, load of 2.16 kg, 
190°C) = 4.5 g/10 min 

(2) Styrene/ethylene/butene/styrene block copolymer (B- 

25 2) 

Tuftec H-1051 (Asahi Kasei Corp.) 
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Styrene content = 40% by weight 
Density (ASTM D1505, 23°C) =0.93 g/cm 3 
Melt flow rate (MFR 2 ) (ASTM D1238, load of 2.16 kg, 
190°C) = 0.8 g/10 min 

The ethylene/polar monomer copolymer used in Exampl 
is as follows. 

(1) Ethylene/vinyl acetate copolymer (A2-1) 
EV460 (Du Pont-Mitsui Polychemicals Co., Ltd.) 
Vinyl acetate content = 19% by weight 
Density (ASTM D1505, 23°C) =0.94 g/cm 3 

Melt flow rate (MFR 2 ) (ASTM D1238, load of 2.16 kg, 
190°C) = 2.5 g/10 min 

(2) Ethylene/methacrylic acid copolymer (A2-2) 
N0903HC (Du Pont-Mitsui Polychemicals Co., Ltd.) 
Density (ASTM D1505, 23°C) =0.93 g/cm 3 

Melt flow rate (MFR 2 ) (ASTM D1238, load of 2.16 kg, 
190°C) = 3 g/10 min 

PREPARATIVE EXAMPLE 1 

[Preparation of catalytic solution] 
18 . 4 mg of 

triphenylcarbenium ( t etrakispentaf luorophenyl ) borate was 
weighed out, and thereto was added 5 ml of toluene to 
dissolve it, whereby a toluene solution having a 
concentration of 0.004 mM/ml was prepared. 1.8 mg of 
[dimethyl ( t-butylamide) ( tetramethyl-T) 5 - 
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cyclopentadienyl) silane] titanium dichloride was weighed out, 
and thereto was added 5 ml of toluene to dissolve it, 
whereby a toluene solution having a concentration of 0.001 
mM/ml was prepared. At the beginning of polymerization, 
0.38 ml of the toluene solution of 

triphenylcarbenium(tetrakispentafluorophenyl) borate and 0.38 
ml of the toluene solution of [dimethyl (t- 

butylamide) (tetramethyl-Ti 5 -cyclopentadienyl) silane] titanium 
dichloride were weighed out, followed by adding 4.24 ml of 
toluene for dilution, to prepare 5 ml of a toluene solution 
having a triphenylcarbenium ( tetrakispentaf luorophenyl ) borate 
concentration of 0.002 mM/L in terms of B and a [dimethyl (t- 
butylamide) (tetramethyl-r) 5 -cyclopentadienyl) silane] titanium 
dichloride concentration of 0.0005 mM/L in terms of Ti. 
[Preparation of ethyl ene/l-butene copolymer (Al-1)] 

750 ml of heptane was introduced into a 1 . 5-L autoclave 
made of SUS and equipped with a stirring blade, which has 
been sufficiently purged with nitrogen, at 23°C. To this 
autoclave, 10 g of 1-butene and 120 ml of hydrogen were 
introduced with rotating the stirring blade and ice-cooling. 
Then, the autoclave was heated up to 100°C and also 
pressurized with ethylene so that the total pressure became 
6 KG. When the internal pressure of the autoclave became 6 
KG, 1.0 ml of a 1.0 mM/ml solution of triisobutylaluminum 
(TIBA) in hexane was forced into the autoclave with nitrogen. 
Subsequently, 5 ml of the catalyst solution prepared as 
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above was forced into the autoclave with nitrogen to 
initiate polymerization. Then, for 5 minutes, temperature 
control was made so that the internal temperature of the 
autoclave became 100°C, while ethylene was directly supplied 
5 thereto so that the pressure became 6 kg. After 5 minutes 
from initiation of the polymerization, 5 ml of methanol was 
introduced into the autoclave by means of a pump to 
terminate the polymerization, followed by pressure release 
of the autoclave to atmospheric pressure. 3 Liters of 

10 methanol was poured to the reaction solution with stirring. 
The obtained polymer containing a solvent was dried at 130°C 
and 600 torr for 13 hours to obtain 10 g of the ethylene/1- 
butene copolymer Al-1. The properties of the obtained 
ethylene/l-butene copolymer are shown in Table 1. 

15 [Table 1] 





PREPARATIVE EXAMPLE 1 
Ethylene/l-butene copolymer 
Al-1 


Polymer properties 




Density (kg/m 3 ) 


885 


Melt flow rate 


1.2 


Mw/Mn 


2.1 


MFRio/MFR 2 


10.0 


B value 


1.0 


Tap/Taa 


0.3 



EXAMPLE 1 

A mixture comprising 80 parts by weight of an 
ethylene/l-butene copolymer (Al-1) , 20 parts by weight of a 
20 styrene/butadiene/styrene block copolymer (SBS) (B-l), 3.0 
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parts by weight of zinc oxide, 0.6 part by weight of dicumyl 
peroxide (DCP) , 0.07 part by weight (in terms of TAIC 
content) of triallyl isocyanurate (TAIC) [tradename: M-60 
(TAIC content: 60%) available from Nippon Kasei Chemical Co., 
5 Ltd.], 0.3 part by weight of 1 , 2-polybutadiene and 7 parts 
by weight of azodicarbonamide was kneaded with a roll at a 
roll surface temperature of 120°C for 10 minutes and then 
molded into a sheet. 

The obtained sheet was placed in a press mold and was 

10 pressed with heating under the conditions of 150 kg/cm 2 and 
155°C for 30 minutes, to obtain a primary crosslinked foamed 
product. The size of this press mold was 15 mm in thickness, 
150 mm in length and 200 mm in width. 

Next, the primary crosslinked foamed product was 

15 subjected to compression molding under the conditions of 150 
kg/cm 2 and 155°C for 10 minutes to obtain a secondary 
crosslinked foamed product. The size of the obtained 
secondary crosslinked foamed product was 15 mm in thickness, 
160 mm in length and 250 mm. 

20 Then, the specific gravity, compression set, tear 

strength, Asker C hardness and impact resilience, of the 
secondary crosslinked foamed product were measured by the 
above-described methods. Further, the adhesive strength of 
the laminate comprising the foamed product and a 

25 polyurethane (PU) synthetic leather sheet was measured by 
the above-described method, while the state of peeling was 
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observed with naked eyes at that time. The results are 
shown in Table 2 . 

EXAMPLE 2 

5 A secondary crosslinked foamed product was prepared in 

the same manner as in Example 1, except that the amount of 
the ethylene/l-butene copolymer (Al-1) was changed from 80 
parts by weight to 90 parts by weight, and the amount of the 
styrene/butadiene/styrene block copolymer (SBS) (B-l) was 
10 changed from 20 parts by weight to 10 parts by weight. The 
properties of the secondary crosslinked foamed product were 
measured, and the results are shown in Table 2. 

EXAMPLE 3 

15 A secondary crosslinked foamed product was prepared in 

the same manner as in Example 1, except that 2 0 parts by 
weight of the styrene/butadiene/styrene block copolymer 
(SBS) (B-l) was changed to 20 parts by weight of a 
styrene/ethylene/butene/styrene block copolymer (SEBS) (B-2), 

2 0 and the amount of azodicarbonamide was changed from 7 parts 
by weight to 6.5 parts by weight. The properties of the 
secondary crosslinked foamed product were measured, and the 
results are shown in Table 2. 

2 5 EXAMPLE 4 

A secondary crosslinked foamed product was prepared in 



SF-1238PCT 



- 43 - 



the same manner as in Example 1, except that the amount of 
the ethylene/l-butene copolymer (Al-1) was changed from 80 
parts by weight to 60 parts by weight, 20 parts by weight of 
the styrene/butadiene/styrene block copolymer (SBS) (B-l) 
5 was changed to 40 parts by weight of the 

styrene/ethylene/butene/styrene block copolymer (SEBS) (B-2), 
the amount of azodicarbonamide was changed from 7 parts by 
weight to 6.5 parts by weight. The properties of the 
secondary crosslinked foamed product were measured, and the 
10 results are shown in Table 2. 

EXAMPLE 5 

A secondary crosslinked foamed product was prepared in 
the same manner as in Example 1, except that 2 0 parts by 

15 weight of the styrene/butadiene/styrene block copolymer 
(SBS) (B-l) was changed to 20 parts by weight of the 
styrene/ethylene/butene/styrene block copolymer (SEBS) (B-2), 
25 parts by weight of an ethylene/vinyl acetate copolymer 
(A2-1) based on 100 parts by weight of (Al-1) + (B-2) was 

2 0 added, and the amount of azodicarbonamide was changed from 7 
parts by weight to 6.5 parts by weight. The properties of 
the secondary crosslinked foamed product were measured, and 
the results are shown in Table 2. 

25 EXAMPLE 6 

A secondary crosslinked foamed product was prepared in 
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the same manner as in Example 1, except that 20 parts by 
weight of the styrene/butadiene/styrene block copolymer 

(SBS) (B-l) was changed to 20 parts by weight of the 
styrene/ethylene/butene/styrene block copolymer (SEBS) (B-2) , 
5 10 parts by weight of an ethylene/methacrylic acid copolymer 

(A2-2) based on 100 parts by weight of (Al-l)+(B-2) was 
added, and the amount of azodicarbonamide was changed from 7 
parts by weight to 6.5 parts by weight. The properties of 
the secondary crosslinked foamed product were measured, and 
10 the results are shown in Table 2. 

COMPARATIVE EXAMPLE 1 

A secondary crosslinked foamed product was prepared in 
the same manner as in Example 1, except that the amount of 

15 the ethylene/l-butene copolymer (Al-1) was changed from 80 
parts by weight to 100 parts by weight, and the amount of 
the styrene/butadiene/styrene block copolymer (SBS) (B-l) 
was changed from 20 parts by weight to 0 part by weight. 
The properties of the secondary crosslinked foamed product 

20 were measured, and the results are shown in Table 2. 

COMPARATIVE EXAMPLE 2 

A crosslinked foamed product was prepared in the same 
manner as in Example 1, except that the amount of the 
25 ethylene/l-butene copolymer (Al-1) was changed from 80 parts 
by weight to 0 part by weight, and the amount of the 
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styrene/butadiene/styrene block copolymer (SBS) (B-l) was 
changed from 20 parts by weight to 100 parts by weight, but 
there occurred no foaming due to gas escape. 

5 COMPARATIVE EXAMPLE 3 

A secondary crosslinked foamed product was prepared in 
the same manner as in Example 1, except that the amount of 
the ethylene/l-butene copolymer (Al-1) was changed from 80 
parts by weight to 0 part by weight, 20 parts by weight of 

10 the styrene/butadiene/styrene block copolymer (SBS) (B-l) 
was changed to 100 parts by weight of the ethylene/vinyl 
acetate copolymer (A2-1), and the amount of azodicarbonamide 
was changed from 7 parts by weight to 6.0 parts by weight. 
The properties of the secondary crosslinked foamed product 

15 were measured, and the results are shown in Table 2. 
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INDUSTRIAL APPLICABILITY 

According to the present invention, a resin composition 
which can provide a foamed product (non-crosslinked or 
crosslinked foamed product) having low specific gravity and 
low compression set <CS) , excelling in the tensile strength 
properties and the tear strength properties, as well as in 
impact resilience, and exhibiting a less decrease in 
hardness at high temperatures; a foamed product produced 
therefrom; and a laminate produced using the foamed product 
can be obtained. 



